EP 2 665 170 A1

(1 9) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(11) EP 2 665 170 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: (
20.11.2013 Bulletin 2013/47

(21) Application number: 13167096.0

(22) Date of filing: 08.05.2013

51) IntCl.:
HO2M 1/12 (2006.0) HO2M 7493 (2007.01)
HO2M 7/5387 (2007.01)

(84) Designated Contracting States:
AL AT BE BG CH CY CZDE DK EE ES FI FR GB
GRHRHUIEISITLILT LULV MC MK MT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(30) Priority: 14.05.2012 US 201213470550 (

(71) Applicant: General Electric Company
Schenectady, New York 12345 (US)

(72) Inventors:
* Wagoner, Robert Gregory
Salem, Virginia 25143 (US)

¢ Frame, Scott Charles

Salem, Virginia 24153 (US)
¢ Zhu, Huibin

Salem, Virginia 24153 (US)
¢ Xu, Chunchun

Salem, Virginia 24153 (US)

74) Representative: Bedford, Grant Richard et al
GPO Europe
GE International Inc.
The Ark
201 Talgarth Road
Hammersmith
London W6 8BJ (GB)

(54) System and method of parallel converter current sharing

(57) In one aspect, a method of converting power is
described. One embodiment of the method comprises
receiving direct current (DC) power; channeling the DC
power through aninverter 110 including a first bridge 210
and a second bridge 212, wherein each of the first bridge
and the second bridge includes at least one switch 202;
controlling the at least one switch 202 of the first bridge
210 and the at least one switch of the second bridge 212

to convert the DC power to alternating current (AC) pow-
er; and, channeling the AC power through an inductor
226 that includes a first winding and a second winding,
wherein the first winding is coupled to an output of the
firstbridge and the second winding is coupled to an output
of the second bridge and wherein the inductor 226 is
configured to have a first magnetic path for common
mode inductance and a second magnetic path for differ-
ential mode inductance.
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Description

[0001] The subject matter described herein relates
generally to power systems and, more particularly, to a
power generation system, a power converter system, and
systems and methods of parallel converter current shar-
ing.

[0002] In some known renewable energy power sys-
tems, direct current (DC) electrical power is generated
from at least one renewable energy source or generated
alternating current (AC) electrical poweris inverted to DC
electrical power and then converted back to AC. Such
renewable energy sources may include wind, solar, ge-
othermal, hydro, biomass, and/or any other renewable
energy source. To properly couple such power systems
to an electrical grid, the DC electrical power must be con-
verted to AC. At least some known power systems use
a power converter to convert DC power to AC power. In
some instances, the converter can be a parallel convert-
er.

[0003] Such conversion from DC power to AC power
typically produces one or more variations in the voltage
and/or current components of the AC power generated.
For example, current between parallel converters may
not be balanced or there may be high frequency currents
induced that flow between the converters. Therefore, em-
bodiments of systems and methods that overcome chal-
lenges in the art, some of which are described above,
are desired.

[0004] In one aspect according to the present inven-
tion, a method of converting power is described. One
embodiment of the method comprises receiving direct
current (DC) power; channeling the DC power through
an inverter including a first bridge and a second bridge,
wherein each of the first bridge and the second bridge
includes at least one switch; controlling the at least one
switch of the first bridge and the at least one switch of
the second bridge to convert the DC power to alternating
current (AC) power; and, channeling the AC power
through an inductor that includes a first winding and a
second winding, wherein the first winding is coupled to
an output of the first bridge and the second winding is
coupled to an output of the second bridge and wherein
the inductor is configured to have a first magnetic path
for common mode inductance and a second magnetic
path for differential mode inductance.

[0005] In another aspect, another embodiment of con-
verting power is described. This embodiment of the meth-
od comprises receiving direct current (DC) power; chan-
neling the DC power through an inverter including a first
bridge and a second bridge, wherein each of the first
bridge and the second bridge includes at least one switch;
controlling the at least one switch of the first bridge and
the at least one switch of the second bridge to convert
the DC power to alternating current (AC) power by caus-
ing the atleast one switch of the first bridge to be switched
with a first duty cycle and to cause the at least one switch
of the second bridge to be switched with a second duty
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cycle that is different from the first duty cycle, the con-
trolling performed by a control system that comprises at
least a first current sensor coupled to a first current feed-
back control loop, the first current feedback control loop
having a first current regulator that actively adjusts the
first duty cycle and the second duty cycle; and channeling
the AC power through an inductor that includes a first
winding and a second winding, wherein the first winding
is coupled to an output of the first bridge and the second
winding is coupled to an output of the second bridge.
[0006] Inyetanotheraspect, apowerconverter system
is described. One embodiment of the system comprises
an inverter comprising a first bridge and a second bridge,
wherein each of the first bridge and the second bridge
comprise at least one switch; an inductor comprising a
first winding coupled to an output of the first bridge; and
a second winding coupled to an output of the second
bridge; and a control system coupled to the inverter, the
control system configured to cause the atleast one switch
of the first bridge to be switched with a first duty cycle
and to cause the at least one switch of the second bridge
to be switched with a second duty cycle, wherein the first
duty cycle is different from the second duty cycle, the
control system comprising at least a first current sensor
coupled to a first current feedback control loop, the first
current feedback control loop having a first current reg-
ulator that actively adjusts the first duty cycle and the
second duty cycle.

[0007] Various advantages will be set forth in part in
the description which follows or may be learned by prac-
tice. The advantages will be realized and attained by
means of the elements and combinations particularly
pointed outin the appended claims. Itis to be understood
that both the foregoing general description and the fol-
lowing detailed description are exemplary and explana-
tory only and are not restrictive, as claimed.

[0008] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate embodiments and together with the description,
serve to explain the principles of the methods and sys-
tems:

FIG. 1is a schematic diagram of an exemplary power
generation system;

FIG. 2 is a schematic diagram of a portion of an ex-
emplary power converter system that may be used
with the power generation system shown in FIG. 1;

FIGS. 3A, 3B and 3C illustrate three examples of
core and winding configurations for an inductor that
may be used with the power generation system
shown in FIG. 1;

FIG. 4 is a schematic diagram of a portion of another
exemplary power converter system that may be used
with the power generation system shown in FIG. 1.
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FIGS. 5A and 5B illustrate various embodiments of
interleaving PWM signals that can be used to control
the switches of parallel inverter bridges of a phase
of the power generation system shown in FIG. 1; and

FIG. 6 is a schematic diagram of a portion of another
exemplary power converter system that may be used
with power generation system shown in FIG. 1.

[0009] Wherever possible, the same reference num-
bers will be used throughout the drawings to represent
the same parts.

[0010] Before the present methods and systems are
disclosed and described, it is to be understood that the
methods and systems are not limited to specific synthetic
methods, specific components, or to particular composi-
tions. Itis also to be understood that the terminology used
herein is for describing particular embodiments only and
is not intended to be limiting.

[0011] As used in the specification and the appended
claims, the singular forms "a," "an" and "the" include plu-
ral referents unless the context clearly dictates otherwise.
Ranges may be expressed herein as from "about" one
particular value, and/or to "about" another particular val-
ue. When such a range is expressed, another embodi-
ment includes from the one particular value and/or to the
other particular value. Similarly, when values are ex-
pressed as approximations, by use of the antecedent
"about," it will be understood that the particular value
forms another embodiment. It will be further understood
that the endpoints of each of the ranges are significant
both in relation to the other endpoint, and independently
of the other endpoint.

[0012] "Optional" or "optionally" means that the sub-
sequently described event or circumstance may or may
not occur, and that the description includes instances
where said event or circumstance occurs and instances
where it does not.

[0013] Throughout the description and claims of this
specification, the word "comprise" and variations of the
word, such as "comprising" and "comprises," means "in-
cluding but not limited to," and is not intended to exclude,
for example, other additives, components, integers or
steps. "Exemplary" means "an example of" and is not
intended to convey an indication of a preferred or ideal
embodiment. "Such as" is not used in a restrictive sense,
but for explanatory purposes.

[0014] Disclosed are components that can be used to
perform the disclosed methods and systems. These and
other components are disclosed herein, and it is under-
stood that when combinations, subsets, interactions,
groups, etc. of these components are disclosed that while
specific reference of each various individual and collec-
tive combinations and permutation of these may not be
explicitly disclosed, each is specifically contemplated
and described herein, for all methods and systems. This
applies to all aspects of this application including, but not
limited to, steps in disclosed methods. Thus, if there are
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a variety of additional steps that can be performed it is
understood that each of these additional steps can be
performed with any specific embodiment or combination
of embodiments of the disclosed methods.

[0015] The present methods and systems may be un-
derstood more readily by reference to the following de-
tailed description of preferred embodiments and the ex-
amples included therein and to the Figures and their pre-
vious and following description.

[0016] As described herein, a power generation sys-
tem includes a power converter system and at least one
power generation unit. The power generation unit can be
arenewable energy power generation unitthat generates
power from arenewable energy source. Such renewable
energy sources may include wind, solar, geothermal, hy-
dro, biomass, and/or any otherrenewable energy source.
The power converter system includes a converter cou-
pled to the power generation unit, and aninverter coupled
to the converter by a DC bus. The inverter is coupled to
an electrical distribution network for supplying electrical
energy to the network. A control system controls the op-
eration of the converter and the inverter. The inverter can
be a poly-phase apparatus. For example, the inverter
can include three inverter phases, each phase including
a plurality of parallel bridges. Each bridge can be com-
prised of two or more switches coupled together in series.
Each inverter phase is coupled to a separate inductor,
and each inductor includes a plurality of windings posi-
tioned about a common core. An output of each bridge
is coupled to a separate winding of the inductor. As such,
the power converter systems described herein provides
a high effective inductance for filtering power provided
to an electrical distribution network while reducing a cost
oftheinductors used within the power converter systems.
Furthermore, the power converter systems described
herein provide control schemes for effectively sharing
current between parallel bridges.

[0017] FIG. 1is a schematic diagram of an exemplary
power generation system 100 that includes at least one
power generation unit 102. Power generation unit 102
includes a wind turbine, a solar panel or array, a fuel cell,
a geothermal generator, a hydropower generator, and/or
any other device that generates electrical power. More
specifically, in the exemplary embodiment, power gen-
eration unit 102 can be a device that generates direct
current (DC) electrical power from atleast one renewable
energy source. Alternatively, power generation unit 102
is a gas turbine, a steam turbine, and/or any other device
that generates DC or alternating current (AC) power from
a renewable or non-renewable energy source.

[0018] In the exemplary embodiment, power genera-
tion unit 102 is coupled to a power converter system 104,
or a power converter 104. DC power generated by power
generation unit 102 is transmitted to power converter sys-
tem 104, and power converter system 104 converts the
DC power to AC power. The AC power is transmitted to
an electrical distribution network 106, or "grid." Power
converter system 104, in the exemplary embodiment, ad-
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justs an amplitude of the voltage and/or current of the
converted AC power to an amplitude suitable for electri-
cal distribution network 106, and provides AC power at
a frequency and a phase that are substantially equal to
the frequency and phase of electrical distribution network
106. Moreover, in the exemplary embodiment, power
converter system 104 provides three phase AC power to
electrical distribution network 106. Alternatively, power
converter system 104 provides single phase AC power
or any other number of phases of AC power to electrical
distribution network 106.

[0019] Inthe exemplary embodiment, power converter
system 104 includes a DC to DC, or "boost," converter
108 and an inverter 110 coupled together by a DC bus
112. Alternatively, power converter system 104 may in-
clude an AC to DC converter 108 for use in converting
AC power received from power generation unit 102 to
DC power, and/or any other converter 108 that enables
power converter system 104 to function as described
herein. In one embodiment, power converter system 104
does not include converter 108, and inverter 110 is cou-
pled to power generation unit 102 by DC bus 112 and/or
by any other device or conductor. In the exemplary em-
bodiment, inverter 110 is a DC to AC inverter 110 that
converts DC power received from converter 108 into AC
power for transmission to electrical distribution network
106. Moreover, in the exemplary embodiment, DC bus
112 includes at least one capacitor 114. Alternatively,
DC bus 112 includes a plurality of capacitors 114 and/or
any other electrical power storage devices that enable
power converter system 104 to function as described
herein. As currentis transmitted through power converter
system 104, a voltage is generated across DC bus 112
and energy is stored within capacitors 114.

[0020] Power converter system 104 includes a control
system 116 coupled to converter 108 and/or to inverter
110. In the exemplary embodiment control system 116
includes and/oris implemented by atleast one processor.
As used herein, the processor includes any suitable pro-
grammable circuit such as, without limitation, one or more
systems and microcontrollers, microprocessors, re-
duced instruction set circuits (RISC), application specific
integrated circuits (ASIC), programmable logic circuits
(PLC), field programmable gate arrays (FPGA), and/or
any other circuit capable of executing the functions de-
scribed herein. The above examples are exemplary only,
and thus are not intended to limit in any way the definition
and/or meaning of the term "processor."

[0021] In the exemplary embodiment, control system
116 controls and/or operates converter 108 to adjust or
maximize the power received from power generation unit
102. Moreover, in the exemplary embodiment, control
system 116 controls and/or operates inverter 110 to reg-
ulate the voltage across DC bus 112 and/or to adjust the
voltage, current, phase, frequency, and/or any other
characteristic of the power output from inverter 110 to
substantially match the characteristics of electrical dis-
tribution network 106.
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[0022] FIG.2is a schematic diagram of a portion of an
exemplary power converter system 200 that may be used
with power generation system 100 (shown in FIG. 1). In
the exemplary embodiment, inverter 110 includes four
inverter switches 202 coupled together for each phase
of electrical power that power converter system 200 pro-
duces. Alternatively, inverter 110 includes any suitable
number of inverter switches 202 for each phase of elec-
trical power that enables inverter 110 and/or power con-
verter system 200 to function as described herein. In the
exemplary embodiment, inverter switches 202 are insu-
lated gate bipolar transistors (IGBTs). Alternatively, in-
verter switches 202 are any other suitable transistor or
any other suitable switching device.

[0023] In the exemplary embodiment, inverter 110 in-
cludes afirstinverter phase 204, a second inverter phase
206, and a third inverter phase 208. First inverter phase
204 provides AC power corresponding to a first phase of
electrical distribution network 106, second inverter phase
206 provides AC power corresponding to a second phase
of electrical distribution network 106, and third inverter
phase 208 provides AC power corresponding to a third
phase of electrical distribution network 106. Moreover,
in the exemplary embodiment, first inverter phase 204
includes a first phase first bridge 210 and a first phase
second bridge 212. Each of first phase first bridge 210
and first phase second bridge 212 includes two inverter
switches 202 coupled together in series. The series-cou-
pled inverter switches 202 of first phase first bridge 210
are coupled in parallel with the series-coupled inverter
switches 202 of first phase second bridge 212 (i.e., first
phase first bridge 210 is coupled in parallel with first
phase second bridge 212).

[0024] Each of second inverter phase 206 and third
inverter phase 208 are configured in a similar manner to
first inverter phase 204. Accordingly, second inverter
phase 206 includes a second phase first bridge 214 cou-
pled in parallel with a second phase second bridge 216,
and third inverter phase 208 includes a third phase first
bridge 218 coupled in parallel with a third phase second
bridge 220. Each of second phase first bridge 214, sec-
ond phase second bridge 216, third phase first bridge
218, and third phase second bridge 220 includes two
inverter switches 202 coupled together in series. Alter-
natively, first inverter phase 204, second inverter phase
206, and/or third inverter phase 208 may include any
suitable number and/or configuration of bridges and/or
inverter switches 202.

[0025] Inthe exemplary embodiment, a first phase first
conductor 222 is coupled between the two inverter
switches 202 of first phase first bridge 210 and a first
phase second conductor 224 is coupled between the two
inverter switches 202 of first phase second bridge 212.
First phase first conductor 222 transmits current from first
phase first bridge 210 to a firstinductor 226 that includes
a first winding 228 and a second winding 230. As used
herein, a "winding" includes at least one conductor ar-
ranged in one or more loops or "turns" such that the wind-
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ing is substantially shaped as a coil.

[0026] In the exemplary embodiment, first phase first
conductor 222 is coupled to first winding 228 of first in-
ductor 226. A current sensor 232 is coupled to first phase
first conductor 222 for use in measuring the current trans-
mitted through conductor 222 and through first winding
228. First phase second conductor 224 transmits current
from first phase second bridge 212 to second winding
230.A currentsensor 232 is coupled to first phase second
conductor 224 for use in measuring the current transmit-
ted through conductor 224 and through second winding
230. Moreover, first winding 228 and second winding 230
are positioned about a common inductor core 234 such
that first winding 228 and second winding 230 are mag-
netically coupled to inductor core 234 when current is
transmitted through firstwinding 228 and second winding
230. While FIG. 2 illustrates inductor core 234 separated
into two components, this is merely for clarity of illustra-
tion. In the exemplary embodiment, inductor core 234 is
a single continuous metal or metallic structure, and first
winding 228 and second winding 230 are positioned
about separate sections or portions of inductor core 234.
As such, the dotted lines shown in FIG. 2 indicate that
each section of inductor core 234 is connected to, and
formed integrally with, each other section. An output of
first winding 228 and an output of second winding 230
are coupled to a first phase output conductor 236 that
transmits current from first winding 228 and second wind-
ing 230 to electrical distribution network 106. Additional
inductor cores and windings are illustrated in a similar
manner in FIGS. 3A, 3B and 3C, described herein.
[0027] A second phase first conductor 238 is coupled
between the two inverter switches 202 of second phase
first bridge 214 and a second phase second conductor
240 is coupled between the two inverter switches 202 of
second phase second bridge 216. Second phase first
conductor 238 transmits current from second phase first
bridge 214 to a second inductor 242 that includes a first
winding 244 and a second winding 246. More specifically,
second phase first conductor 238 is coupled to first wind-
ing 244 of second inductor 242. A current sensor 232 is
coupled to second phase first conductor 238 for use in
measuring the current transmitted through conductor 238
and through firstwinding 244. Second phase second con-
ductor 240 transmits current from second phase second
bridge 216 to second winding 246. A current sensor 232
is coupled to second phase second conductor 240 for
use in measuring the current transmitted through con-
ductor 240 and through second winding 246. Moreover,
first winding 244 and second winding 246 are positioned
about a common inductor core 248 such that first winding
244 and second winding 246 are magnetically coupled
to inductor core 248 when current is transmitted through
first winding 244 and second winding 246. An output of
first winding 244 and an output of second winding 246
are coupled to a second phase output conductor 250 that
transmits current from first winding 244 and second wind-
ing 246 to electrical distribution network 106.
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[0028] Intheexemplary embodiment, athird phase first
conductor 252 is coupled between the two inverter
switches 202 of third phase first bridge 218 and a third
phase second conductor 254 is coupled between the two
inverter switches 202 of third phase second bridge 220.
Third phase first conductor 252 transmits current from
third phase first bridge 218 to a third inductor 256 that
includes a first winding 258 and a second winding 260.
More specifically, third phase first conductor 252 is cou-
pled to first winding 258 of third inductor 256. A current
sensor 232 is coupled to third phase first conductor 252
for use in measuring the current transmitted through con-
ductor 252 and through first winding 258. Third phase
second conductor 254 transmits current from third phase
second bridge 220 to second winding 260. A current sen-
sor 232 is coupled to third phase second conductor 254
for use in measuring the current transmitted through con-
ductor 254 and through second winding 260. Moreover,
first winding 258 and second winding 260 are positioned
about a common inductor core 262 such that first winding
258 and second winding 260 are magnetically coupled
to inductor core 262 when current is transmitted through
first winding 258 and second winding 260. An output of
first winding 258 and an output of second winding 260
are coupled to a third phase output conductor 264 that
transmits current from first winding 258 and second wind-
ing 260 to electrical distribution network 106.

[0029] In one aspect, the power converter system 200
include one or more magnetic components 226, 242, 256
capable of suppressing the current flowing between the
parallel bridges (e.g., 210 and 212, 214 and 216, 218
and 220, etc.) of the converter 200. This current is pri-
marily high frequency current, at the switching frequency
of the switches 202 and above, because generally the
parallel bridges are working together to produce a similar
fundamental current. Typically the switching frequency
may be in the range of 1.0KHz to 10KHz, and in contrast,
the typical fundamental frequency may be at or below
600Hz. This high frequency current flowing between the
parallel bridges (e.g., 210 and 212, 214 and 216, 218
and 220, etc.) can be limited by the inductance between
the parallel bridges, commonly known as differential
mode inductance. Therefore, it is desired that the mag-
netic component 226, 242, 256 be capable of providing
a differential mode inductance which is acted upon pri-
marily by a high frequency current. As such, the magnetic
core providing this differential mode inductance should
be a core type that has low losses at relatively high fre-
quency. Such cores are generally more expensive than
cores with higher losses atrelatively high frequency. This
makes it desirable to minimize the amount of core mate-
rial which is providing this differential mode inductance,
in order to optimize the cost of the magnetic component.
[0030] Embodiments of the magnetic component 226,
242, 256 must also be able to provide a common mode
inductance. This can be thought of as an inductance that
exists when parallel bridges (e.g., 210 and 212, 214 and
216, 218 and 220, etc.) are working together to produce
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a similar current, the relatively low frequency fundamen-
tal current. This common mode inductance is able to help
filter the similar fundamental current being provided by
the parallel bridges. Because the current being filtered
by the common mode inductance has a high content of
low frequency current, it is desirable to utilize lower cost
core material in this area of the magnetic component.
Note the terms differential and common mode inductance
described herein may be described differently in other
literature, and possibly even interchanged, depending
upon the way they are defined.

[0031] There are numerous physical shapes/arrange-
ments of the core/coil to allow for both a magnetic path
for common mode inductance and a different magnetic
path for differential mode inductance. Three different ex-
ample physical shapes/arrangements of embodiments
of the magnetic component are shown in FIGS. 3A, 3B
and 3C. Though FIGS. 3A, 3B and 3C show the core 234
and windings 228, 230 for only one phase of the power
converter system 200 of FIG. 2, it is to be appreciated
that similar core and winding configurations are equally
applicable to the other phases of the power converter
system 200. Each magnetic structure 300 in FIGS. 3A,
3B and 3C illustrate two different magnetic paths: the first
path 302 creates the differential mode inductance and
the second magnetic path(s) 304 create the common
mode inductance as described herein. Air gaps in each
leg (not shown) can be used to control the level of induct-
ance for each path 302, 304. The inductance is based
on standard formulas based on number of turns, core
area, and air gap length. Clearly the path lengths are
much different for the two example configurations, dem-
onstrating how mechanical variations can impact the
amount of each different core material. In one aspect,
the cores 234 are comprised of a singular material. In
other aspect, the cores 234 can be comprised of different
materials to lower core losses and to lower costs. For
example, the core of FIG. 3B may be comprised of three
different materials - a first material for the parts of the
core 234 through which the first path 302 (differential
mode inductance) traverses, a second material for the
parts of the core 234 through which the second path 304
(common mode inductance) traverses, and a third ma-
terial for parts of the core 234 through which the first path
302 and the second path 304 traverse. Similarly, as an-
other example, the cores 234 of FIGS. 3A and 3C may
be comprised of only two materials - a first material for
the parts of the core 234 through which only the first path
302 traverses and a second material for the parts of the
core 234 through which the first path 302 and the second
path 304 traverse. It is to be appreciated that FIGS. 3A,
3B and 3C illustrate only three examples of core and
winding configurations and are not intended to limit em-
bodiments of this invention to any particular physical
shapes/arrangements.

[0032] Referring back to FIG. 2, in one aspect an AC
filter 266 is coupled to first phase output conductor 236,
second phase output conductor 250, and third phase out-
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put conductor 264 for use in filtering and/or removing
undesired frequency components from the current trans-
mitted through conductors 236, 250, and 264. AC filter
266 includes at least one resistor 268 coupled to each
of first phase output conductor 236, second phase output
conductor 250, and/or third phase output conductor 264.
Moreover, AC filter 266 includes at least one capacitor
270 coupled between first phase output conductor 236
and second phase output conductor 250, between sec-
ond phase output conductor 250 and third phase output
conductor 264, and/or between first phase output con-
ductor 236 and third phase output conductor 264. Alter-
natively, AC filter 266 may include any suitable configu-
ration of resistors 268 and/or capacitors 270 that enables
AC filter 266 to function as described herein.

[0033] In the exemplary embodiment, three phase AC
power is provided to electrical distribution network 106
by inverter 110. More specifically, a first phase of AC
power is supplied to electrical distribution network 106
by first phase output conductor 236, a second phase of
AC power is supplied to network 106 by second phase
output conductor 250, and a third phase of AC power is
supplied to network 106 by third phase output conductor
264.

[0034] During operation, in the exemplary embodi-
ment, power generation unit 102 (shown in FIG. 1) gen-
erates DC power and transmits or channels the DC power
to converter 108. Control system 116 controls and/or op-
erates converter 108, for example, by adjusting the volt-
age and/or current received from power generation unit
102 such that the power received from power generation
unit 102 is increased and/or maximized. The DC power
is channeled through inverter 110, i.e., through first in-
verter phase 204, second inverter phase 206, and/or third
inverter phase 208. Moreover, in the exemplary embod-
iment, control system 116 controls a switching of inverter
switches 202 to adjust an output of inverter 110. More
specifically, control system 116 uses a suitable control
algorithm, such as pulse width modulation (PWM) and/or
any other control algorithm, to transform the DC power
received from converter 108 into three phase AC power
signals. Alternatively, control system 116 causes inverter
110 to transform the DC power into a single phase AC
power signal or any other signal that enables power con-
verter system 200 to function as described herein.
[0035] In the exemplary embodiment, control system
116 switches or operates inverter switches 202 of each
inverter phase in a complementary or interleaved man-
ner. More specifically, control system 116 transmits
switching control signals to inverter switches 202 of first
phase first bridge 210 and to inverter switches 202 of first
phase second bridge 212 such that inverter switches 202
of first phase first bridge 210 have a duty cycle offset by
about 180 degrees as compared to a duty cycle of inverter
switches 202 of first phase second bridge 212. In one
embodiment, if first inverter phase 204 includes three
bridges coupled together in parallel, the duty cycle of
inverter switches 202 of each bridge are offset by about
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120 degrees with respect to each other. Alternatively,
inverter switches 202 of first inverter phase 204 (i.e., of
first phase first bridge 210 and of first phase second
bridge 212) may be controlled by control system 116 in
any suitable manner that enables inverter 110 to function
as described herein. In the exemplary embodiment, con-
trol system 116 operates inverter switches 202 of second
inverter phase 206 and of third inverter phase 208 in a
similar manner as first inverter phase 204, although the
duty cycle of inverter switches 202 of second inverter
phase 206 and/or of third inverter phase 208 may be
offset with respect to each other and/or with respect to
first inverter phase 204. Such an interleaved switching
of inverter switches 202 facilitates reducing a voltage
ripple and/or a current ripple that may otherwise be gen-
erated as a result of the conversion of the DC power to
AC power by inverter 110.

[0036] Current is transmitted or channeled from first
inverter phase 204, second inverter phase 206, and third
inverter phase 208 to first inductor 226, second inductor
242, and third inductor 256, respectively. First inductor
226, second inductor 242, and third inductor 256 facilitate
reducing the voltage ripple and/or the current ripple gen-
erated by inverter 110. Moreover, the common core and
multiple winding structure of first inductor 226, second
inductor 242, and third inductor 256 facilitates providing
a high effective inductance to the current transmitted
through inductors 226, 242, and 258, while reducing a
size of inductor cores 234, 248, and 262. Accordingly,
using first inductor 226, second inductor 242, and third
inductor 256 within power converter system 200 is more
cost-effective as compared to using known inductors that
do notinclude a common core and multiple winding struc-
tures.

[0037] FIG. 4 is a schematic diagram of a portion of
another exemplary power converter system 400 that may
be used with power generation system 100 (shown in
FIG. 1). Unless otherwise specified, power converter sys-
tem 400 is substantially similar to power converter sys-
tem 200 (shown in FIG. 2). Components of FIG. 4 that
are similar to components of FIG. 2 are illustrated with
the same reference numerals in FIG. 4 as are used in
FIG. 2. Atypical three-phase DC-to-AC inverter is shown
in FIG. 4, where each phase has two bridges 210, 212,
214, 216, 218, 220 feeding two coupled windings 228,
230, 244, 246, 258, 260 of a coupled-inductor 226, 242,
256 on the same core 234, 248, 262. FIG. 4 also illus-
trates an embodiment of a control system 116 for the
inverter system 400, though only one phase of the control
system 116 is shown for clarity. As described herein, a
three-phase L-C filter 266 can be formed using the three
coupled-inductors 226, 242, 256 and three capacitor
branches 270 with damping resistors 268. The L-C filter
266 provides an interface between the inverter 110 and
ac utility grid 106.

[0038] Alsoasdescribed herein, aninputofthe inverter
110 takes a DC voltage with a DC-link capacitor bank
114 as energy storage and filtering buffer. Each inverter
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phase (phase-A, phase-B, phase-C, etc.) has two par-
allel bridges 210, 212, 214, 216, 218, 220 that convert
DC voltage into AC voltage output at the coupled inductor
windings. Generally, there are two current sensors 232
for each inverter phase bridge 210, 212, 214, 216, 218,
220. For example, phase-C has two current sensors 232,
eachwinding 258, 260 of the coupled inductor 256 having
its own current sensor. By splitting the current sensors
232 between each inverter bridge 218, 220 of a phase
(e.g., phase C), current sharing between the bridges can
be enhanced.

[0039] Based on two current sensors 232 feedback,
there are two current regulator loops built in the control
system 116 (one loop for each current sensor 232 of a
phase). Each current regulator 402 compares current
feedback from the current sensors 232 to its command
value, and adjusts a phase voltage command for a PWM
modulator 404 in order to drive current error toward zero.
The main function of PWM modulator block 404 is to com-
pute the duty cycle from the phase voltage command
(received from the current regulator 402) and Vdc voltage
reading 406. The PWM modulator block 404 also pro-
vides a limiter function for over modulation or PWM sat-
uration.

[0040] A PWM interleaving block 408 generates inter-
leaved PWM signals driving the switches 202 of parallel
inverter bridges 218, 220 of a phase (e.g., phase C). In
various aspects, the outputinterleaving PWM signals can
look like the waveforms shown in FIGS. 5A (duty cycle
> 50%) and 5B (duty cycle < 50%), where S1 are the
series switches of one parallel inverter bridge 208 of a
phase and S2 are the series switches of the other parallel
inverter bridge 210 of the phase.

[0041] Returning to FIG. 4, typically an inverter con-
troller 116 can also be comprised of a Vdc voltage reg-
ulator 410. The purpose of the Vdc voltage regulator 410
is to coordinate the Vdc voltage status with the up-level
power flow control 420. A grid-tied AC inverter normally
runs a phase-lock-loop 412 in the controller 116, so that
it can monitor the grid AC voltage 414 and track the grid
voltage phase angle in real time. PLL 412 also provides
the means for reactive power or power factor control.
[0042] PLL 412 can also provide AC grid frequency
measurement and phase output 416. AC grid phase an-
gle 416 can be used by the inverter sync controller 422
as the phase reference for the rotating coordinate when
calculating internal feedback variables and current and
voltage and power regulators.

[0043] PLL 412 also provides basic information on the
AC grid voltage and frequency, which are among other
important data used by the grid condition monitor block
418. In one aspect, the grid monitor 418 processes the
AC grid 106 and inverter system 400 operating data and
makes decisions if it appears that the AC grid 106 or
inverter system 400 may be faulted. In case of fault or
loss of the AC grid 106, the grid monitor 416 can also
switch the PLL 412 to special state in order to help ride
through the grid fault events. In one aspect, a VAR reg-



13 EP 2 665 170 A1 14

ulator and ride-through control 424 also coordinates real
power vs. reactive power flow control during grid fault
events. For example, the inverter system 400 can draw
significant reactive current from the grid 106 during a
high-voltage ride through (HVRT) event, where ac grid
voltage can go as much as 140% over nominal.

[0044] In summary, the control system 116 of FIG. 4
comprises afirst current sensor 232 and a second current
sensor 232 for each phase of the power converter system
400. For non-limiting example purposes only and refer-
ring to phase C, the first winding 258 of the inductor 256
has a first current sensor 232 and the second winding
260 of the inductor 256 has a second current sensor 232.
This embodiment of the control system 116 comprises
the first 232 and the second current sensors 232 coupled
to afirst current feedback control loop and a second feed-
back control loop, respectively. The first current feedback
control loop is comprised of a first current regulator 402
that actively adjusts the first duty cycle of the switches
202 that comprise afirst bridge 218 of the parallel bridges
218, 220 of a phase and the second current feedback
control loop is comprised of a second current regulator
402 that actively adjusts the second duty cycle of the
switches 202 that comprise a second bridge 220 of the
parallel bridges 218, 220 of a phase. It is to be appreci-
ated that referring to phase C is for non-limiting example
purposes only and that each phase of the power convert-
er system 600 has two current sensors each couple to a
firstand a second current feedback control loop, respec-
tively, and that each currentfeedback control loop is com-
prised of a current regulator 402 that actively adjusts the
duty cycle of switches 202 that comprise a first bridge or
a second bridge of the parallel bridges of a phase
[0045] FIG. 6 illustrates an alternative embodiment of
the control system 116 shown in FIG. 4. FIG. 6 is a sche-
matic diagram of a portion of another exemplary power
converter system 600 that may be used with power gen-
eration system 100 (shown in FIG. 1). Unless otherwise
specified, power converter system 600 is substantially
similar to power converter system 200 (shown in FIG. 2)
and power converter system 400 (shownin FIG. 4). Com-
ponents of FIG. 6 that are similar to components of FIG.
2 and FIG. 4 are illustrated with the same reference nu-
merals in FIG. 6 as are used in FIG. 2 and FIG. 4. In this
embodiment, a reduced count of current sensors 232 for
a coupled-inductor inverter system 600 can utilize the
coupled-inductor property to overcome current imbal-
ance. The coupled parallel branches (e.g., 208, 210, etc.)
of each inverter phase share only one current sensor
232, and only one current control loop is formed for each
inverter phase. Because of the reduced number of cur-
rent sensors 232, costs can be reduced for the system
600. Inthe embodiment shown in FIG. 6, and considering
only one phase (e.g., C phase), the first winding 258 of
the inductor 256 and the second winding 260 of the in-
ductor 256 have a single current sensor 232. The control
system 116 comprises the single current sensor 232 for
a phase coupled to a single current feedback control loop
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having a single current regulator 402 that actively adjusts
the first duty cycle and the second duty cycle of the
switches 202 that comprise the parallel bridges 218, 220
of a phase. Itis to be appreciated that referring to phase
Cis for non-limiting example purposes only and that each
phase of the power converter system 600 has a single
current sensor coupled to a single current feedback con-
trol loop having a single current regulator that actively
adjusts the first duty cycle and the second duty cycle of
the switches 202 that comprise the parallel bridges of a
phase.

[0046] Various technical effects of the systems and
methods described herein may include at least one of:
(a) receiving direct current (DC) power; (b) channeling
DC power through an inverter including a first bridge and
a second bridge, wherein each of the first bridge and the
second bridge includes at least one switch; (c) controlling
at least one switch of afirst bridge and at least one switch
of a second bridge to convert DC power to alternating
current (AC) power; and (d) channeling AC power
through an inductor that includes a first winding and a
second winding, wherein the first winding is coupled to
an output of a first bridge and the second winding is cou-
pled to an output of a second bridge.

[0047] The above-described embodiments may facili-
tate providing an efficient and cost-effective power con-
verter system for use within a power generation system.
The power converter system includes a converter con-
figured to be coupled to a power generation unit, and an
inverter coupled to the converter by a DC bus. The in-
verter is configured to be coupled to an electrical distri-
bution network for supplying electrical energy to the net-
work. A control system controls the operation of the con-
verter and the inverter. The inverter includes three invert-
er phases that each includes a plurality of bridges. Each
bridge includes two switches coupled together in series.
Each inverter phase is coupled to a separate inductor,
and each inductor includes a plurality of windings posi-
tioned about a common core. An output of each bridge
is coupled to a separate winding of the inductor. As such,
the power converter systems described herein provide a
high effective inductance for filtering power provided to
an electrical distribution network while reducing a cost of
the inductors used within the power converter systems.
[0048] Exemplary embodiments of a power generation
system, a power converter system, and methods for con-
verting power are described above in detail. The power
generation system, power converter system, and meth-
ods are not limited to the specific embodiments described
herein, but rather, components of the power generation
system and/or power converter system and/or steps of
the methods may be utilized independently and sepa-
rately from other components and/or steps described
herein. For example, the power converter system may
also be used in combination with other power systems
and methods, and is not limited to practice with only the
power generation system as described herein. Rather,
the exemplary embodiment can be implemented and uti-
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lized in connection with many other renewable energy
and/or power generation applications.

[0049] Although specific features of various embodi-
ments of the invention may be shown in some drawings
and not in others, this is for convenience only. In accord-
ance with the principles of the invention, any feature of
a drawing may be referenced and/or claimed in combi-
nation with any feature of any other drawing.

[0050] This written description uses examples to dis-
close the invention, including the preferred mode, and
also to enable any person skilled in the art to practice the
invention, including making and using any devices or sys-
tems and performing any incorporated methods. The pat-
entable scope of the invention is defined by the claims,
and may include other examples that occur to those
skilled in the art. Such other examples are intended to
be within the scope of the claims if they have structural
elements that do not differ from the literal language of
the claims, or if they include equivalent structural ele-
ments with insubstantial differences from the literal lan-
guage of the claims.

[0051] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. A method of converting power, said method com-
prising:

receiving direct current (DC) power;

channeling the DC power through an inverter
including a first bridge and a second bridge,
wherein each of the first bridge and the second
bridge includes at least one switch;

controlling the at least one switch of the first
bridge and the at least one switch of the second
bridge to convert the DC power to alternating
current (AC) power; and,

channeling the AC power through an inductor
that includes a first winding and a second wind-
ing, wherein the first winding is coupled to an
output of the first bridge and the second winding
is coupled to an output of the second bridge and
wherein said inductor is configured to have a
first magnetic path for common mode induct-
ance and a second magnetic path for differential
mode inductance.

2. The method of Clause 1, wherein the inductor in-
cludes an inductor core and the first winding and the
second winding are positioned about the inductor
core, wherein said channeling the AC power through
an inductor comprises channeling the AC power
through the first winding and the second winding.

3. The method of any preceding Clause, further com-
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prising channeling the DC power through a converter
to adjust the DC power.

4. The method of any preceding Clause, further com-
prising coupling an output of the first winding and an
output of the second winding to an electrical distri-
bution network to supply the AC power to the elec-
trical distribution network.

5. The method of any preceding Clause, further com-
prising providing a first phase of the AC power to the
electrical distribution network when the output of the
first winding and the output of the second winding
are coupled to the electrical distribution network.

6. The method of any preceding Clause, further com-
prising controlling the at least one switch of the first
bridge to be switched with a first duty cycle and con-
trolling the at least one switch of the second bridge
to be switched with a second duty cycle, wherein the
firstduty cycle is different from the second duty cycle.

7. The method of any preceding Clause, wherein the
first winding of the inductor has a first current sensor
and the second winding of the inductor has a second
current sensor and controlling the at least one switch
of the first bridge to be switched with a first duty cycle
and controlling the at least one switch of the second
bridge to be switched with a second duty cycle com-
prises said firstand said second current sensors cou-
pled to a first current feedback control loop and a
second feedback control loop, respectively, said first
current feedback control loop having a first current
regulator that actively adjusts said first duty cycle
and said second current feedback control loop hav-
ing a second current regulator that actively adjusts
said second duty cycle.

8. The method of any preceding Clause, wherein the
first winding of the inductor and the second winding
of the inductor have a single current sensor and con-
trolling the at least one switch of the first bridge to
be switched with a first duty cycle and controlling the
at least one switch of the second bridge to be
switched with a second duty cycle comprises said
single current sensor coupled to a single current
feedback control loop having a single current regu-
lator that actively adjusts said first duty cycle and
said second duty cycle.

9. A method of converting power, said method com-
prising:

receiving direct current (DC) power;
channeling the DC power through an inverter

including a first bridge and a second bridge,
wherein each of the first bridge and the second
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bridge includes at least one switch;

controlling the at least one switch of the first
bridge and the at least one switch of the second
bridge to convert the DC power to alternating
current (AC) power by causing said at least one
switch of said first bridge to be switched with a
first duty cycle and to cause said at least one
switch of said second bridge to be switched with
a second duty cycle that is different from the first
duty cycle, said controlling performed by a con-
trol system that comprises at least a first current
sensor coupledto afirst current feedback control
loop, said first current feedback control loop hav-
ing a first current regulator that actively adjusts
said first duty cycle and said second duty cycle;
and

channeling the AC power through an inductor
that includes a first winding and a second wind-
ing, wherein the first winding is coupled to an
output of the first bridge and the second winding
is coupled to an output of the second bridge.

10. The method of any preceding Clause, wherein
the inductor includes an inductor core and the first
winding and the second winding are positioned about
the inductor core, wherein said channeling the AC
power through an inductor comprises channeling the
AC power through the first winding and the second
winding.

11. The method of any preceding Clause, further
comprising coupling an output of the first winding
and an output of the second winding to an electrical
distribution network to supply the AC power to the
electrical distribution network.

12. The method of any preceding Clause, further
comprising providing a first phase of the AC power
to the electrical distribution network when the output
ofthe first winding and the output of the second wind-
ing are coupled to the electrical distribution network.

13. The method of any preceding Clause, wherein
controlling the at least one switch of the first bridge
and the atleast one switch of the second bridge com-
prises the control system further comprising a sec-
ond current sensor coupled to a second current feed-
back control loop, said first current feedback control
loop having the first current regulator that actively
adjusts said first duty cycle and said second current
feedback control loop having a second current reg-
ulator that actively adjusts said second duty cycle,
wherein the first winding of the inductor is coupled
to the first current sensor and the second winding of
the inductor is coupled to the second current sensor.
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14. The method of any preceding Clause, wherein
channeling the AC power through an inductor that
includes a first winding and a second winding com-
prises channeling the AC power through the inductor
that is configured to have a first magnetic path for
common mode inductance and a second magnetic
path for differential mode inductance.

15. A power converter system, comprising:

an inverter comprising a first bridge and a sec-
ond bridge, wherein each of said first bridge and
said second bridge comprises at least one
switch;

an inductor comprising:

a first winding coupled to an output of said
first bridge; and,

a second winding coupled to an output of
said second bridge; and

a control system coupled to the inverter, said
control system configured to cause said at least
one switch of said first bridge to be switched with
a first duty cycle and to cause said at least one
switch of said second bridge to be switched with
a second duty cycle, wherein the first duty cycle
is different from the second duty cycle, said con-
trol system comprising at least a first current
sensor coupledto afirst currentfeedback control
loop, saidfirst current feedback control loop hav-
ing a first current regulator that actively adjusts
said first duty cycle and said second duty cycle.

16. The power converter system of any preceding
Clause, wherein said power converter systemis con-
figured to receive power from atleast one power gen-
eration unit, said power conversion system further
comprising a converter coupled to said inverter and
configured to adjust the power received.

17. The power converter system of any preceding
Clause, wherein an output of said first winding and
an output of said second winding are configured to
be coupled to an electrical distribution network to
provide a first phase of alternating current power to
the electrical distribution network.

18. The power converter system of any preceding
Clause, wherein said first bridge and said second
bridge are coupled in parallel with each other.

19. The power converter system of any preceding
Clause, wherein the control system further compris-
es a second current sensor coupled to a second cur-
rentfeedback controlloop, said first current feedback
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control loop having the first current regulator that ac-
tively adjusts said first duty cycle and said second
current feedback control loop having a second cur-
rent regulator that actively adjusts said second duty
cycle, wherein the first winding of the inductor is cou-
pled to the first current sensor and the second wind-
ing of the inductor is coupled to the second current
sensor.

20. The power converter system of any preceding
Clause, wherein said inductor is configured to have
a first magnetic path for common mode inductance
and a second magnetic path for differential mode
inductance.

Claims

A method of converting power, said method com-
prising:

receiving direct current (DC) power;
channeling the DC power through an inverter
(10) including a first bridge (210) and a second
bridge (212), wherein each of the first bridge
(210) and the second bridge (212) includes at
least one switch (202);

controlling the at least one switch (202) of the
first bridge (210) and the at least one switch of
the second bridge (212) to convert the DC power
to alternating current (AC) power; and
channeling the AC power through an inductor
(226) that includes a first winding (228) and a
second winding (230), wherein the first winding
is coupled to an output of the first bridge (210)
and the second winding is coupled to an output
of the second bridge (212) and wherein said in-
ductor is configured to have a first magnetic path
for common mode inductance and a second
magnetic path for differential mode inductance.

The method of Claim 1, wherein the inductor (226)
includes an inductor core and the first winding and
the second winding are positioned about the inductor
core, wherein said channeling the AC power through
an inductor comprises channeling the AC power
through the first winding and the second winding.

The method of any preceding Claim, further com-
prising channeling the DC power through a converter
(104) to adjust the DC power.

The method of any preceding Claim, further com-
prising coupling an output of the first winding (228)
and an output of the second winding (230) to an elec-
trical distribution network (106) to supply the AC
power to the electrical distribution network.
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5. The method of any preceding Claim, further com-

prising providing a first phase of the AC power to the
electrical distribution network (106) when the output
ofthe firstwinding (228) and the output of the second
winding (230) are coupled to the electrical distribu-
tion network.

The method of any preceding Claim, further com-
prising controlling the at least one switch (202) of the
first bridge (210) to be switched with a first duty cycle
and controlling the at least one switch (202) of the
second bridge (212) to be switched with a second
duty cycle, wherein the first duty cycle is different
from the second duty cycle.

The method of any preceding Claim, wherein the first
winding (228) of the inductor (226) has a first current
sensor (232) and the second winding of the inductor
has a second current sensor and controlling the at
least one switch of the first bridge to be switched with
a first duty cycle and controlling the at least one
switch of the second bridge to be switched with a
second duty cycle comprises said first and said sec-
ond current sensors coupled to a first current feed-
back control loop and a second feedback control
loop, respectively, said first current feedback control
loop having a first current regulator that actively ad-
justs said first duty cycle and said second current
feedback control loop having a second current reg-
ulator that actively adjusts said second duty cycle.

The method of any preceding Claim, wherein the first
winding (228) of the inductor and the second winding
(230) of the inductor have a single current sensor
and controlling the at least one switch of the first
bridge to be switched with a first duty cycle and con-
trolling the at least one switch of the second bridge
to be switched with a second duty cycle comprises
said single current sensor coupled to a single current
feedback control loop having a single current regu-
lator that actively adjusts said first duty cycle and
said second duty cycle.

A method of converting power, said method com-
prising:

receiving direct current (DC) power;
channeling the DC power through an inverter
(110) including a first bridge (210) and a second
bridge (212), wherein each of the first bridge and
the second bridge includes at least one switch
(202);

controlling the at least one switch (202) of the
first bridge and the at least one switch of the
second bridge to convert the DC power to alter-
nating current (AC) power by causing said at
least one switch of said first bridge to be
switched with a first duty cycle and to cause said
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at least one switch of said second bridge to be
switched with a second duty cycle that is differ-
ent from the first duty cycle, said controlling per-
formed by a control system that comprises at
least a first current sensor coupled to a first cur-
rent feedback control loop, said first current
feedback control loop having a first current reg-
ulator that actively adjusts said first duty cycle
and said second duty cycle; and

channeling the AC power through an inductor
(226) that includes a first winding and a second
winding, wherein the first winding is coupled to
an output of the first bridge and the second wind-
ing is coupled to an output of the second bridge.

A power converter system (100), comprising:

an inverter (110) comprising a first bridge (210)
and a second bridge (212), wherein each of said
first bridge and said second bridge comprises
at least one switch (202);

an inductor (226) comprising:

a first winding (228) coupled to an output of
said first bridge; and

asecond winding (230) coupled to an output
of said second bridge; and

a control system (116) coupled to the inverter
(110), said control system (116) configured to
cause said at least one switch (202) of said first
bridge (210) to be switched with a first duty cycle
and to cause said at least one switch (202) of
said second bridge (212) to be switched with a
second duty cycle, wherein the first duty cycle
is different from the second duty cycle, said con-
trol system (116) comprising at least a first cur-
rent sensor (232) coupled to a first current feed-
back control loop, said first current feedback
control loop having afirst current regulator (402)
that actively adjusts said first duty cycle and said
second duty cycle.

The power converter system (100) of Claim 10,
wherein said power converter system is configured
to receive power from at least one power generation
unit (102), said power conversion system further
comprising a converter (108) coupled to said inverter
(110) and configured to adjust the power received.

The power converter system (100) of Claim 10 or
Claim 11, wherein an output of said first winding
(228) and an output of said second winding (230)
are configured to be coupled to an electrical distri-
bution network (106) to provide a first phase of al-
ternating current power to the electrical distribution
network.
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13.

14.

15.

22

The power converter system (100) of any of Claims
10 to 12, wherein said first bridge (210) and said
second bridge (212) are coupled in parallel with each
other.

The power converter system (100) of any of Claims
10 to 13, wherein the control system (116) further
comprises a second current sensor (232) coupled to
asecond currentfeedback control loop, said first cur-
rent feedback control loop having the first current
regulator that actively adjusts said first duty cycle
and said second current feedback control loop hav-
ing a second current regulator that actively adjusts
said second duty cycle, wherein the first winding
(228) of the inductor (226) is coupled to the first cur-
rent sensor (232) and the second winding (230) of
the inductor (226) is coupled to the second current
sensor (232).

The power converter system (100) of any of Claims
10 to 14, wherein said inductor (226) is configured
to have a first magnetic path for common mode in-
ductance and a second magnetic path for differential
mode inductance.
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